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ABSTRACT:  In the coming decades, the mining industry faces the dual challenge of lowering both its 
water and energy use. This presents a difficulty since technological advances that decrease the use of 
one can increase the use of the other. Historically, energy and water use have been modelled 
independently, making it difficult to evaluate the true costs and benefits from water and energy 
improvements. This paper presents a hierarchical systems model that is able to represent 
interconnected water and energy use at a whole of site scale. In order to explore the links between 
water and energy four technologies advancements have been modelled: use of dust suppression 
additives, the adoption of thickened tailings, the transition to dry processing and the incorporation of a 
treatment plant. The results show a synergy between decreased water and energy use for dust 
suppression additives, but a trade-off for the others. 
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1 Introduction  
In the mining industry, water and energy are 
vital for production while also considered finite 
resources that need to be managed 
responsibly. Increased demand, lower ore 
grade and higher strip ratios will put pressure 
on mine sites to increase their water and 
energy use. However, there will be 
simultaneous pressure for sites to lower their 
water and energy use, both for sustainability 
reasons and to secure sufficient quantities for 
future production.   
Computer models are a practical way of 
predicting future water and energy use, 
particularly in a dynamic environment. 
Historically, most computer models have 
modelled water and energy independently. In 
reality, this has limited value since water and 
energy are intrinsically linked; that is, energy is 
required to transport, treat and dispose of 
water, while varying levels of water 
consumption occurs in electricity generating 
technologies. Often, a water saving technology 
will come at the cost of increased energy use 
or vice-versa. 
This work presents a hierarchal systems model 
(HSM) that represents water and energy 
interactions on mine sites. The model 
represents how water and energy enters and is 
used on mine sites and the emissions that are 
generated. For brevity, the model only 
considers the direct water and energy use on 
mine sites, and does not consider the 
embedded energy on site. As a case study, the 
model has been applied to a synthetic coal site 
in northern Queensland, Australia; however, 
the generality and flexibility of the model mean 
that it can be applied across the mining 
industry, regardless of commodity, operational, 
social or environmental context. 
In order to explore the links between water and 
energy four technologies advancements have 
been modelled: 1) use of dust suppression 
additives; 2) the adoption of thickened rather 
than conventional tailings; 3) transition from 
wet processing to dry processing and 4) the 
incorporation of a treatment plant. The results 
indicate that while a synergy between 
decreased water and energy can be 
demonstrated for the use of the dust 
suppression additives, a trade off between 
water and energy use exists for the other 
technological advancements. 
The rest of the paper is organised as follows. It 
begins with a description of the hierarchical 
system model and how it has been used to 
represent the base case of a typical coal site. It 
then discusses how each of the different 
scenarios are represented. Followed by, the 
results of each of the scenarios and a 
discussion of their water and energy trade-offs 
and synergies.  
 
  
2 The Hierarchal Systems Model 
A system model consists of a series of 
components and connections between 
components. This allows for the exploration of 
impacts to be explored between connected 
components. This makes the system of a 
system model particularly useful for exploring 
the water and energy links on mine sites, since 
1) water is interconnected through a mine site, 
so the use of water in one area of the site has 
consequences on other areas of the site and 
2) water and energy are inherently linked and 
so an improvement in water efficiency will 
often have a trade-of or synergy in energy 
efficiency and vice-versa. Previous work has 
presented how a systems model can be used 
to represent water interactions on a mine site 
[1]. This work extends on previous work by 
also exploring the energy interactions and the 
links between water and energy interactions. 
The HSM represents water and energy 
interactions using six components: 
1. Water inlets that represent water 
entering the mine site. 
2. Water outlets that represent water 
leaving the mine site. 
3. Energy inlets that represent energy 
and emissions entering a mine site. 
4. Emissions outlets that represent 
emissions exiting a mine site. 
5. Stores that represent where water is 
held on site. 
6. Tasks that represent where water 
and/or energy is used on site. 
Despite the relative simplicity of these 
components they can be used to represent 
very detailed water and energy interactions as 
is typically represented in   engineering models 
(such as the flow sheet of a processing plant). 
However, a strength of systems models is that 
they are able to represent actions without an 
overburden of detail. Therefore, a higher level 
conceptual view of mine water and energy 
interactions have been implemented in the 
model used in this work. Specifically, water 
and energy interactions are represented by 
two stores, the Raw Store and Worked Store, 
and three tasks, Mining, Transport and 
Processing. This mirrors the approach taken 
by previous work [1, 2]. A diagram of the 
baseline model referred to throughout this 
document is presented in Figure 1 with 
components are described in more detail in 
what follows. 
1. The Raw Store only contains water 
that has been previously unused on 
site. It receives water from: inlets 
representing runoff and a pipe inflow 
(for example: from a river or aquifer) 
and sends water to: the tasks, the 
worked store: the tasks and an 
evaporation outlet. 
2. The Worked Store contains both water 
that is unused and water that has been 
used before. It receives water from: an 
runoff inlet, the Raw Store and the 
tasks. It sends water to: the tasks and 
an evaporation outlet. 
3. The Mining task represents the 
extraction of overburden and run of 
mine material. It receives water from 
both stores and an inlet representing 
in-pit runoff. It sends water to the 
Worked Store and an evaporation 
outlet. It receives energy from inlets 
representing energy generated from 
electricity, diesel and explosions. It 
sends emissions to an outlet that 
represents the emissions from each of 
the energy sources as well as fugitive 
emissions. 
4. The Transport task represents the 
transport of material and overburden 
around the site and trucks used for 
dust suppression. It receives water 
from the stores and from a runoff inlet. 
It sends water to the Worked Store 
and an evaporation outlet. It receives 
energy from outlets representing 
energy generated from diesel and 
electricity. It sends emissions to an 
outlet representing the emissions 
generated inherently by the task (such 
as fuel combustion) and the electricity 
required for the task.  
5. The Processing task represents the 
separation of run of mine material 
between product and waste. It 
receives water from the stores and 
entrained in the run of mine material. It 
sends water to the Worked Store, the 
Tailings Dam and entrainment in 
waste. It receives energy from 
electricity and diesel inlets.  It sends 
emission inherent to the task and from 
its energy inlets to an emission outlet.  
  
 
Figure 1: The baseline mine represented in the HSM 
 
These simple components can be used to 
represent most water and energy interactions; 
however, they can also be used as building 
blocks for more complex aggregated 
components. Two examples of aggregated 
components are a Tailings Dam, described 
here, and a Treatment Plant, described is 
Section 2.4. The Tailings Dam, shown in 
Figure 2, consists of two tasks and a store. 
The first task represents the handling of waste, 
which is the primary purpose of the Tailings 
Dam. The store represents additional free 
water that could be stored in the Tailings Dam 
under certain conditions. The second task 
represents the process of decanting from the 
tailings and returned to the Worked Store. The 
Tailings Dam receives water from the 
Processing task and a runoff inlet and sends 
water to the Worked Store and an evaporation 
outlet. It also has energy inlets and emissions 
outlets for each of the tasks.  
The energy required for each of the tasks is 
proportional to the mass of run of mine 
material with a factor taken from previous work 
[3]. The water required for the mining (in this 
case set to zero) and processing tasks is set in 
a similar way [1], while the water required for 
the transport task is proportional to the 
distance of haul road length. The run of mine  
 
value for all the scenarios has been set at 4.26 
Mt/Yr, and the haul road length is 22 km. Each 
task has a maximum concentration, and 
blends together water from both the stores to 
match that concentration, but attempting to 
take the maximum possible volume from the 
higher concentration store (in all examples the 
Worked Store) and uses water from the lower 
concentration store for dilution. The emissions 
generated are derived from standard factors 
[4] and are proportional to the energy 
consumed in each of the tasks plus any 
emission inherent to the task. 
 
 
Figure 2: The Tailings Dam 
  
3 Scenarios 
This section presents a series of scenarios that 
are used to explore the water and energy link 
on mine site. Each of the scenarios is 
compared with a baseline site presented in 
Figure 1. There are four scenarios explored: 
use of additives for dust suppression, 
thickened tailings, dry processing and a 
treatment plant. 
 
3.1 Dust Suppression 
Additives 
Water is used on mine sites to suppress dust 
on haul roads for safety and health reason. 
Additives are chemicals that are added to 
water to reduce the volume of water required 
for dust suppression. This presents a synergy 
in energy efficiency, since, the road haul 
watering trucks will require fewer trips to 
operate each day and therefore, lower fuel 
consumption. The use of dust suppression 
additives has lowered the use of water by 80% 
-90% [5]. 
To implement the use of dust suppression 
additives the water consumption of the 
Transport task was multiplied by a factor of 
0.2. Although the use of additives reduces the 
number of trips required by the haul road 
watering trucks (from 15 per day to 2 per day), 
the trucks are required to operate a slower 
speed (from 50 km/h to 30 km/h). The energy 
use for haul road watering trucks was 
calculated as the product of the distance per 
trip (22km), number of trips per day and the 
time on the road per trip.   
 
3.2 Thickened Tailings 
 
Water is commonly used as a medium to 
transport fine, small and medium sized waste 
on a mine site as tailings and sent to a tailings 
dam. Tailings can be sent with different levels 
of consistency.  Some common waste disposal 
methods employed on mine sites are: 
 
1. Conventional disposal which are 
flocculated tailings that are pumped in 
a liquid slurry (up to 40% solids) to a 
tailings dam. 
2. Co-disposal which are  tailings and 
coarse waste mixed at approximately 
40% – 45% solids, and then pumped 
to a co-disposal dam. 
3. Thickened tailings disposal which are 
conventional tailings that are further 
thickened by super flocculation or 
thickener cones to approximately 45 -
60% solids, and pumped to a tailings 
dam. 
4. Dry tailings disposal which are tailings 
dried via mechanical methods (such 
as filter press) to approximately 65% 
or greater solids content, combined 
with coarse waste, and then 
transported using bulk materials 
handling methods (truck or conveyor) 
to a disposal site. 
 
Generally speaking, tailings at lower 
consistency will require less energy to 
transport, however more water will be lost at 
the tailings dam due to seepage and 
evaporation [6]. However, this relationship is 
complex and non-linear [7], and a thorough 
analysis is beyond the scope of this work.  
Hence, a simple comparison of two methods 
has been performed here to demonstrate the 
utility of the HSM in describing the water-
energy interactions in tailings disposal using 
the baseline scenario of conventional disposal 
and thickened tailings disposal. However, due 
to the flexibility of the HSM a more complex 
representation could be added at in future 
work. 
 
To implement thickened tailings required two 
changes to the baseline scenario. First, a 
thickener was introduced into the Processing 
task that thickened the tailings from 40% to 
57% solids, with an energy consumption of 1.1 
kWh/m3 of tailings [8]. Secondly, the specific 
gravity of the tailings increased from 1.55 to 
2.1 and the pumping requirements increased 
from 0.127 kWh/t/day to 0.387 kWh/t/day [7]. 
The energy consumed to transport the tailings 
was then calculated from the product of 
pumping requirements, mass of tailings (3.3 kt) 
and distance that the tailings need to travel 
(3km). The energy consumption for 
transporting the tailing was incorporated into 
the Tailings Dam component. 
 
3.3 Dry Processing 
Conventional wet processing (flotation, wet 
gravity separation, cyclones etcetera) is 
common practice on mine sites, and provides 
efficient beneficiation of coal. However, it 
requires significant amounts of water, and 
  
generates large amounts of wet tailings, the 
management of which represents significant 
capital and operating costs, as well as 
environmental issues.   
Conversely, dry processing, or more 
specifically dry beneficiation, is relatively 
uncommon. This is historically due to the 
superior separation ability of wet processes, as 
well as increasing moisture contents of mined 
coal [9]. However, dry processing has some 
benefits over wet processing, such as: 
reduction in water requirements; no moisture 
penalty in the coal product; and no need for 
wet tailings dams, ancillary equipment and 
associated management [9-11]. However, 
there is a trade-off in terms of energy use 
since wet jigs consume about 0.5-1 kW per 
tonne of coal while dry jigs consume 
approximately 4 kW per tonne of coal, most of 
which is due to the fans required to control 
dust [12]. 
 
To model the implementation of dry processing 
the energy requirement for the beneficiation 
portion of the Processing Plant was increased 
to 4 kW per tonne.  It is assumed that the 
entire Processing Plant is converted to Dry 
Processing, and therefore, the water 
requirement of the Processing Plant was set to 
0. It also eliminated the need for a Tailings 
Dam. In reality, water may be used for other 
processes in the Processing Plant, for example 
floatation, which would reintroduce the need 
for water in the Processing Plant and a 
Tailings Dam. 
 
3.4 Treatment Plant 
 
Higher water recycling (and a volume of lower 
high-quality water import) can be achieved by 
treating low quality water, such as process 
water or sea water, however this comes at an 
energy cost and requires land to store the 
brine waste.  
The Treatment Plant presents another 
example of an aggregated component. A 
representation of the Treatment Plant is 
presented in Figure 3. The Treatment Plant 
consists of a store to hold the untreated water 
and 3 tasks, first, a task to split the water 
between treated water and brine; second, a 
task to increase the quality of the treated 
water; and third, a task to reduce the quality of 
the brine. Treated water is sent to the 
Processing Plant on an as need basis to dilute 
low quality water from the Worked Store in lieu 
of high quality water from the Raw Store. The 
water recovery rate is set at 65% with the brine 
reduction set to 64% derived from values from 
previous work [13]. Therefore, if 1 ML of water 
at ~4,000 TDS is feed into the Treatment Plant 
then 0.65 ML of treated water at ~1,500 TDS 
will be produced. 
 
 
 
 
Figure 3: The Treatment Plant 
 
4 Results 
This section presents the results of each of the 
scenarios in comparison with base scenario 
across the metrics of water, energy and 
emissions.   
 
4.1 Water Performance 
The water used by each of the scenarios is 
presented in Table 1. As the results show, the 
highest volume of water is saved by 
implementing dry processing, followed by 
thickened tailings and use of dust suppression 
additives. The use of the Treatment Plant does 
not make any water savings per say – since 
the Processing Plant still requires the same 
volume of water to operate, however, as 
shown in Table 2 it replaces the volume of 
water from the Raw Store that is used by the 
Processing Plant.    
 
 
 
 
 
 
 
 
  
 
 
  Table 1: Scenario water use (ML/Yr)  
Scenario Task Total 
  Mining Processing Transport Tailings Dam 
Base 0 2,409 639 1,791 4,839 
Dust Suppression 
Additives 0 2,409 114  1,791 
4,314 
Thickened Tailings 0 2,409 639 901 3,949 
Dry Processing 0 0 639 0 639 
Treatment Plant 0 2,409 639 1,791 4,839 
 
 
  Table 2: Scenario water use by processing plant by source (ML/Yr)  
Scenario Source Total 
  Raw Store Worked Store Treatment Plant   
Base 536 1,873 0 2,409 
Treatment Plant 0 1,909 500 2,409 
 
 
 
  Table 3: Scenario energy use (TJ/Yr) 
Scenario Task Total 
  Mining Processing Transport Tailings Dam Treatment    
Base 123 277 215 3 NA 618 
Dust Suppression 
Additives 123 277 209 3 NA 
612 
Thickened 
Tailings 123 284 215 10 NA 
632 
Dry Processing 123 313 214 0 NA 650 
Treatment Plant 123 277 215 3 7 625 
 
 
 
 
 Table 4: Scenario emissions generated (kt CO-2e/Yr) 
Scenario Task Total 
  Mining Processing Transport Tailings Dam Treatment    
Base 84,415 53,142 14,997 622 NA 153,176 
Dust Suppression 
Additives 84,415 53,143 14,584 622 NA 
152,764 
Thickened 
Tailings 84,415 54,498 14,998 2,558 NA 
156,469 
Dry Processing 84,415 60,009 14,997 0 NA 159,421 
Treatment Plant 84,415 53,149 14,997 622 7 153,190 
 
 
 
 
 
 
  
 
4.2 Energy Performance 
The energy used by each of the scenarios is 
presented in Table 3. As the results show, the 
use of dust suppression additives results in an 
energy saving, while the use of dry processing, 
thickened tailings and treatment plant result in 
increased energy use, in that order 
 
4.3 Emissions Performance 
The emissions generated by the scenarios is 
presented in Table 4. Again, the use of dust 
suppression additives results in an emissions 
saving, while the use of dry processing,  
thickened tailings and treatment plant result in 
increased emissions generated, in that order. 
 
5 Conclusions and 
recommendations 
This work presented a hierarchical systems 
model for representing water and energy 
interactions on mine sites. It explored the links 
between water and energy through the 
implementation of a set of scenarios. It showed 
that there a synergy between water and 
energy savings when additives are used for 
dust suppression, however, trade-offs occur 
between overall water and energy use when 
thickened tailings and dry processing is used, 
and how a trade-off occurs between high 
quality water use and energy use when a 
treatment plant is used. These links highlight 
the importance of considering water and 
energy as interconnect components of a 
holistic system, rather than as separate silos, 
so that improvements in water efficiency do not 
cause a larger detrimental impact to energy 
efficiency, and vice-versa. 
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